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MEMO

To: Andrew Baris, Roux

From: Garylong

CC: Michael Ritorto, Roux
Laura Jensen, Roux

Tom Biksey, EHS Support

Date: September 25, 2018

Re: Technical Memorandum: Proposed Refined Ecological Screening Vg
Baseline Ecological Risk Assessment at the Columbia Falls Sup
Former Columbia Falls Aluminum Company Aluminum Redugtion
Columbia Falls, Montana

£SVs) to Support the

k for developing refined ecological screening values
potential ecological concern (COPECs) in the Baseline
bia Falls Aluminum Company {(CFAC) Superfund Site in
Columbia Falls, Montana. This technj emorandurm was prepared as an interim deliverable to
supplement the general risk assessmént framework provided in the Baseline Ecological Risk Assessment
Work Plan (BERA WP) submitted to the United States Environmental Protection Agency (USEPA) and
Montana Department of Envirpnmental Quality (MDEQ) in November 2017 and revised in May 2018
(EHS Support, 2018a).

This technical memorandum describes the appr
(ESVs) to support the selection of constituents
Ecological Risk Assessment (BERA) for the

As stated in the BE P, refinement of COPECs identified in the Screening-Level Ecological Risk
Assessment ( A}will be performed as part of the BERA Problem Formulatlon (EHS Support, 2018a)

Problem Formulation to focus BERA analyses on COPECs that are most likely to drive risk management
decision-making for the Site. The intent of the refinement is to focus and streamline the overall
Ecological Risk Assessment Guidance for Superfund (ERAGS) process by considering additional
components early in the BERA process.

COPEC refinement will be performed on the combined datasets from the Phase | and Phase I Site
Characterization sampling for ecological exposure media (EHS Support, 2018a). Screening of
constituents using the combined Phase | and Phase |l datasets for each exposure area and exposure
medium will be based on a tiered approach:
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1) Maximum exposure point concentrations (EPCs) of constituents in Phase | and Phase 1l Site
Characterization datasets for each ecological exposure area will be initially compared to
minimum ESVs presented in the SLERA.

2) Constituents identified as COPECs in the initial screening will be refined based on the re-
screening of COPECs using comparisons of maximum EPCs to refined ESVs.

The technical memorandum presents the rationale for selecting refined ESVs to support the COPEC
refinement process in the BERA. The comparisons of maximum exposure concentrations to minimum

ure. Therefore,
Itin adverse

no observed effect concentration (NOEC) endpoints that are protective of chroni
these comparisons cannot be used to conclude that exposure to a COPEC s like
effects. The findings of Step 1 of the screening process only indicate that ce

protective of chronic exposure but represent a broader range of NOE
focus the list of COPECs requiring further evaluation in the BERA.

ist of COPECs identified for soil,

1g of Phase | Site Characterization data
tected constituents lacking ESVs. If

nce the Phase | and Phase i Site

df refined ESVs for the Tier 2 screening will follow
for additional COPECs. The following sections
refined soil, sediment, and surface water ESVs in the
m Formulation.

Refined ESVs are identified in this technical memorandum for t
sediment, and surface water in the SLERA based on the scr
and additional COPECs identified in the BERA WP based o
additional COPECs are identified during Tier 1 screeni
Characterization datasets are combined, the selec
the approach outlined in this technical memorai
describe the technical rationale for the sele
COPEC refinement process in the BERA P

Refined soil ESVs will be ba
with the USEPA approac
as risk-based soil screerii

n peer-reviewed, multi-trophic level soil screening criteria, consistent
riving Ecological Soil Screening Levels (Eco-SSLs). Eco-SSLs were derived
evels through a peer review process for the protection of multiple terrestrial

Like Eco-SSLs, the Los Alamos National Laboratory {LANL) ECORISK Database (Release 4.1) presents
conservative screening values based on modeled exposure for receptors in various trophic levels (LANL,
2017). Consistent with the Eco-SSL approach, the ECORISK Database used geometric mean
concentrations of NOEC endpoints as screening criteria for each terrestrial receptor category. These
LANL screening values were used to supplement the Eco-SSL values to develop refined ESVs. Screening
values for the various terrestrial trophic level receptors evaluated in both the ECORISK Database and the
Eco-SSL guidance were pooled, and the minimum screening criterion for each COPEC was identified as
the refined soil ESV (Table 1).
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Refined ESVs for chemicals lacking screening values in the LANL and/or Eco-SSL datasets were identified
from other available sources in the literature. USEPA Region 5 ecological screening levels (ESLs) (USEPA,
2003a) were preferentially used for this purpose. ESLs provide protective benchmarks for contaminants
in soil, and consider direct, as well as indirect (i.e., food-chain) exposure pathways. If ESLs were not
available, other accepted sources for soil benchmarks were also considered (e.g., Efroymson et al.,
1997a; Efroymson et al., 1997b).

Given that refined ESVs are protective of direct contact and indirect ingestion exposure pathways,
constituents with maximum EPCs lower than the refined ESVs will not be evaluated further in-fie BERA.
In the absence of sufficient data to refine soil ESVs, the conservative minimum ESV used,j e SLERA
will be retained. However, further literature review may be conducted to refine ESVs forithese COPECs
in the BERA Problem Formulation. Refined soil ESVs for the initial COPECs identifi e SLERA and
BERA Work Plan are presented in Table 1; the rationale for the selection of refiné is presented in
the following sections.

With one exception, the lowest screening value from the LANL ECORISK Database or the USEPA Eco-SSLs
will be used as refined ESVs for metal and other inorganic COPELs:{Table 1). The refined ESV for
chromium was the only metal for which the lowest screeni alue from the two primary sources was
not selected.

y studies conducted based on exposure to the
the Site. Chromium is present primarily in the

il conditions (USEPA, 2008a). Hexavalent chromium

te pH levels, whereas the Cr{lll} is the dominant species
under moderately oxidizing to reduci nditions. Additionally, the reduction-oxidation
transformations between the tw ce states are not fully reversible. Cr(VI) will reduce to Cr{ill}ina
reducing environment, but once redticed, Cr(lll) will not readily re-oxidize to Cr(V!) under oxidizing
conditions. Soil conditions at CFAC are not strongly oxidizing and a waste stream that would deposit
Cr(V1) directly into soils h been identified at the CFAC facility (Roux Associates, 2017).

Refined ESVs for chromium will be identified from
corresponding form of chromium measured in s
trivalent [Cr(lll}] oxidation state under typi
[Cr(V1)] is only stable in oxidizing soils at 1

A select number of s orings will be analyzed for Cr(V!) and total chromium in the Phase I Site
Characterizati educe uncertainty in the risk assessment of chromium in site soils (Roux Associates,
2018a). Cr(ll centrations will be estimated as the difference in concentrations between total
chromi V1) results. Estimated concentrations of Cr{lll) and measured concentrations of Cr{Vl)
will be Used to develop a site-specific ratio of Cr(ll1):Cr(V1). The site-specific Cr{I11):Cr(V1) ratio will be
applied to Phase | and Phase Il samples analyzed only for total chromium to estimate the relative
concentration of Cr(lll} and Cr(VI) in the sample. Refined ESVs derived based on Cr{VI) toxicity studies
will be applied to the measured or estimated Cr(VI) concentrations in soil; refined ESVs for Cr(lll) or total
chromium will be applied to estimated concentrations of Cr{lll} in soil (Table 1).

Numeric ESVs were not identified for aluminum and iron in soil in the Eco-SSL or LANL ECORISK
database. USEPA Eco-SSL guidance indicates that total aluminum measurements are not considered
suitable or reliable for the prediction of potential toxicity and bioaccumulation of aluminum in soils
(USEPA, 2003b). The Eco-SSL guidance indicates that potential ecological risks associated with aluminum
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are based on soil pH, with aluminum being identified as a COPEC only at sites where soil pH is less than
5.5 (USEPA, 2003b). Therefore, the screening of aluminum as a COPEC in site soils will be based on
measured soil pH values as an indication of the potential bicavailability and toxicity of aluminum
concentrations. Like aluminum, numeric Eco-SSLs were not derived for iron because its bicavailability
and toxicity are dependent upon site-specific conditions, including soil pH. In well-aerated soils with pH
values between 5 and 8, iron is not expected to be toxic to plants (USEPA, 2003c). Consistent with Eco-
SSL guidance, the potential bioavailability and toxicity of iron will be based on site-specific
measurements of soil pH.

ed as part of the Phase
ament process conducted
d ESVs, concentrations of
und concentrations to
occurring concentrations.

Associates, 2018b; Roux Associates, 2018c). Site-specific background data c
Il Site Characterization will supplant MSBI regional soil data in the COPEC
as part of the BERA Problem Formulation. In addition to comparison
metals in soil will also be compared to representative, site-specifi
evaluate whether detected concentrations are consistent with na

As stated in the BERA Work Plan and consistent with The Rolé of Screening-Level Risk Assessments and
Refining Contaminants of Concern in Baseline Ecological Risk Assessments (USEPA, 2001), representative
background concentrations calculated from Phase || Sité:€haracterization background data will be used
as the refined ESV to evaluate the need for furtheficonsideration of essential nutrients in the BERA.
Because the soil background data from the Pha te Characterization sampling have not been
compiled and representative background con tions for each metal have not yet been calculated or
approved, only the refined ESVs based o cological effects are presented in this interim deliverable.

LANL and/or USEPA Eco-SSLs values were available for many organic COPECs (Table 1). For the organic
COPECs lacking LANL or values, refined ESVs will be based on USEPA Region 5 ESLs (USEPA,
2003a) for 16 non-polye romatic hydrocarbons (PAH) organic compounds and based on an Oak
Ridge National Lab
shown in Tabl

= ‘minimum ESV used in the SLERA was retained for organic COPECs lacking refined
rces.

ft) soil samples will be evaluated relative to the toxicity of 2,3,7,8-tetrachlorinated dibenzo-p-dioxin
(2,3,7,8-TCDD) using toxicity equivalency factors (TEFs) developed for birds and mammals by the World
Health Organization (Van den Berg et al., 2006; Van den Berg et al.,, 1998; USEPA, 2008b). For
dioxin/furan screening, measured concentrations of the 17 dioxin/furan compounds in surface and
shallow soil samples will be multiplied by compound-specific TEFs to calculate toxicity equivalence
concentrations to 2,3,7,8-TCDD {TEC; 3 7 s-7eop) for each compound, assuming consistent bioaccumulation
for the 17 dioxin/furan compounds. The summed TEC, 37 s.1cop vValues for each sample will be compared
to the refined ESV for 2,3,7,8-TCDD, which is identified in Table 1 as 0.00000029 mg/kg based on the
protection of mammalian wildlife in the LANL ECORISK database. In the TEC, 37 srcop calculation,
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dioxin/furan concentrations below detection limits will be estimated as 0.5 times the quantitation limit
for constituents that were detected in at least one other sample in the soil dataset; constituents that
were below detection limits in all soil samples will be assigned a concentration of 0 in the TEC,375-1cop
calculation (USEPA, 2008b).

Given that some organic COPECs in soils may be derived from regional sources unrelated to site
activities {(e.g., PAHs), representative background concentrations derived from the background

investigation that will be conducted as part of the Phase Il Site Characterization sampling will be
compared to measured concentrations in site datasets to further refine the list of organic COPE
evaluation in the BERA (Roux Associates, 2018c).

s for

d equilibrium
benthic organisms.

Refined ESVs for sediment will be based primarily on consensus-based cri
partitioning (EqP)-based criteria protective of direct contact toxicity patiy
Given that sediment ESVs are not derived for the protection of indi osure through ingestion (e.g.,
biocaccumulation/biomagnification pathways), potential ingestion.expéstire pathways for detected
bicaccumulative COPECs will be evaluated consistent with the appréach outlined in the Technical
Memorandum: Proposed Wildlife Exposure Modeling Approach teSupport the Baseline Ecological Risk
Assessment at the Columbia Falls Superfund Site (EHS Suppart; 2018b).

Refined ESVs for sediment COPECs identified in th
the rationale for the selection of refined ESVs i
sufficient data to refine sediment ESVs, the co
retained. However, further literature revie
BERA Problem Formulation.

f nd BERA Work Plan are provided in Table 2;
nted in the sections below. In the absence of

» ive minimum ESV used in the SLERA will be

y be conducted to refine ESVs for these COPECs in the

Refined sediment ESVs for pi | COPECs will be using the consensus-based threshold effects

MacDonald et al., 2000), as available. In the absence of consensus-based

reshold Effect Levels (TELs) for Hyalella azteca (USEPA, 1996; Ingersoll et al., 1996)

The refined ESV for total cyanide of 0.1 mg/kg will be based on the USEPA Region 3 BTAG screening
value, which was adopted from Persaud et al. (1993). The minimum ESV previously used in the SLERA
(0.0001 mg/kg) was based on the USEPA Region 5 ESL for total cyanide, which also cited Persaud et al.
(1993) as a source. However, USEPA Region 5 erroneously presented the Persaud et al. (1993) value as
0.0001 mg/kg. Therefore, the correct value of 0.1 mg/kg from Persaud et al. (1993) will be used as the
refined ESV for total cyanide in sediment.

50f11
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Inorganic COPECs in sediment will also be evaluated relative to site-specific background data collected
as part of the Phase Il Site Characterization to further refine sediment COPECs in the BERA (Roux
Associates, 2018c). As stated in the BERA Work Plan and consistent with USEPA (2001), representative
background concentrations calculated from Phase Il Site Characterization background data will be used
as the refined ESV to evaluate the need for further consideration of essential nutrients in the BERA
(Table 2).

Refined ESVs for organic COPECs in sediment will be based primarily on EqP-based criteria
direct contact toxicity pathways to benthic organisms. Refined ESVs for PAHs in sedi
on USEPA Procedures for the Derivation of Equilibrium Partitioning Sediment Benchar
Protection of Benthic Organisms: PAH Mixtures (USEPA, 2003d). Exposure to PAH

compounds:

16
Cocr
SESBTUrcy rora = ) 72
_ oc,PA

where:

SESBTUgcv total = Sum of ESBTUs for the PA

Cocpati = Organic carbon normalizéd.€ancentration of PAH / (ug/goc)
Coc,pamiFevi = Organic carbon normaliZed critical concentration of PAH j based on the final
chronic value (FCV; u

p'estimate the toxicity of total PAHs (based on 34 PAHs — 18
ted compounds)

UF = Uncertainty factox,

SESBTU values less than or equal'to 1.0 are considered acceptable for the protection of benthic
invertebrate receptors; v xceeding 1.0 indicate a potential for narcotic effects in benthic receptors
(USEPA, 2003d).

ted in the Phase | Site Characterization were analyzed for 16 of the 34 PAH
&d in the USEPA ESB model?; therefore, for the Phase | data, a site-specific uncertainty
specific relationship will be applied to the YESBTU values calculated based on 16

Sediment sampl
compounds i
factor (UF

the Phase 11 Site Characterization sampling will be analyzed for the 34 PAH compounds included in the
USEPA ESB model; therefore, SESBTUrcy 1ol Values will be calculated directly based on the
concentrations of the 34 PAH compounds measured in these samples.

! analyzed PAH compounds include: naphthalene, acenaphthylene, acenaphthene, fluorene, anthracene,
phenanthrene, pyrene, fluoranthene, benz(ajanthracene, chrysene, benzo(a)pyrene, benzo{b)fluoranthene,
benzo(k)fluoranthene, benzo(g,h,i)perylene, indeno(1,2,3-cd)pyrene, dibenzo(a,h}anthracene.

6of11
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Site-specific relationships will be developed to estimate the potential toxicity of unmeasured PAHs in
the SESBTU calculation in samples where only 16 compounds were analyzed. Site-specific relationships
will be evaluated between SESBTU values calculated based on 34 compounds (SESBTUgcy 34=

SESBTUrcv Totat) and 16 compounds (JESBTUrcy 16). Site-specific ratios of JESBTUrcy34:3ESBTUrcv 16 may be
developed as UFs to account for unmeasured PAHs in samples analyzed for 16 PAH compounds. The
development of UFs based on SESBTUrcv 34:> ESBTUrcv 16 ratios is consistent with the estimation of UFs in
USEPA (2003d); however, the use of site-specific ratios provides more relevant UFs for PAH mixtures at
the Site. Alternatively, YESBTUecv 1otal values may be estimated using site-specific linear regression
models developed based on paired SESBTUrcv 16 and SESBTUrcv 34 values at stations where 34 B/
compounds are analyzed, provided a significant linear relationship can be derived. The u; fte-
specific relationships to predict YESBTUrcy 34 from YESBTUecv 16 in historical samples is interidiéd to reduce
the uncertainty of applying generic UFs provided in USEPA (2003d) to account fo tential toxicity
of unmeasured PAHs in the SESBTU calculation.

PECs is limited (Table 2).
a refined ESV for

agdopted by USEPA Region 5 as an
sed sediment benchmark for 4-
ent benchmark for 3-methylphenol;
ption that the 3- & 4-methylphenol

The availability of ESVs for non-PAH semi-volatile organic compound (SV
An EgP-based sediment benchmark provided in USEPA {(2008c) will b
dibenzofuran. An EqP-based sediment benchmark for 4-methylph
ESL will be used as a refined ESV for 3- & 4-methylphenol. The Eq
methylphenol was lower than the USEPA Region 5 EqP-based sedi
therefore, the refined ESV will be conservative based on the g
concentration consists entirely of 4-methylphenol.

ESVs were not identified for other non-PAH SVOC €QPETCs. However, refined ESVs may be calculated
using an EqP model if the review of the combing se | and Phase i Site Characterization data
indicates frequent detection of these non-P VOC COPECs (greater than 5 percent of samples?). For
select nonionic organic constituents, refi Vs will be based on sediment quality benchmarks (SQBs)
calculated using an EqP model (USEPA c). SQBs represent concentrations in bulk sediment that, at
equilibrium, would result in partitj to sediment pore water at concentrations equivalent to NOEC
water quality benchmarks (WQB sed on constituent-specific organic carbon-water partitioning
coefficients (Koc):

SQBnokc = {foc X Koe X WQBNoec)

where:

= Sediment quality benchmark based on NOEC aqueous toxicity data (pg/kg dry
weight sediment)

= fraction of organic carbon (kg OC/kg sediment)

Koc = organic carbon-water partitioning coefficient (L/kg)

WQBnoec = water quality benchmark based on a chronic NOEC (pg/L)

2 USEPA (2001) provides for the refinement of COPECs based on frequency and magnitude of detection. Assuming
the Phase | and Phase |l Site Characterization data provide adequate coverage, a frequency of detection of less
than 5 percent in site datasets will be used to refine COPECs from further consideration in the BERA, as proposed
in the BERA WP {EHS Support, 2018a).

7o0f11
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For select nonionic organic constituents, refined ESVs will be based on SQBs calculated assuming
minimum f,. within the exposure area and WQBoec values based on surface water quality benchmarks
derived for the general protection of aquatic life. Exposure estimates for COPECs exceeding SQBs
calculated assuming minimum fo. within the exposure area will be further evaluated based on sample-
specific foc in the BERA exposure assessment. In the absence of sufficient data to refine sediment ESVs
based on EqP approaches, the conservative minimum ESV used in the SLERA will be retained.

Refined ESVs for surface water will be primarily based on USEPA National Recommended:
Criteria (NRWQC) or MDEQ chronic surface water quality for the protection of aquat :
Chronic aquatic life surface water criteria are derived for the protection of 95 perecént.of aquatic species.
Therefore, these criteria are considered adequately protective to identify COPEC ¢ancentrations in
surface water that have the potential to result in adverse ecological effec warrant additional
evaluation in the BERA.

Refined surface water ESVs for metal COPECs will be based EPA NRWQC or MDEQ chronic surface
water quality for the protection of aquatic life, where applicable. Refined surface water ESVs for metal
COPECs will be applied to the sample result fraction ( | versus dissolved) that corresponds to the
aqueous toxicity endpoint (total versus dissolved ‘as the basis for chronic aquatic life surface water
criteria.

For USEPA NRWQC, chronic surface watey ¢
dissolved fraction (Table 3). Refined E

ty criteria for many metals are based on exposure to the
r these metals will be compared to metals concentrations in
surface water samples filtered throtgh.a'0.45-um pore size filter, which operationally defines the
dissolved COPEC fraction. USEPA N WQC for cadmium, lead, nickel, and zinc are adjusted for total
hardness (as CaCOs) using the equations provided in Table 3. USEPA NRWQC for copper and aluminum
are based on models developed to characterize the bioavailable forms of these metals in surface water
based on water quality pdiameters. The NRWQC for copper is based on the Biotic Ligand Model (BLM),
which accounts for org ompounds and inorganic ligands in surface water that are known to
complex with co nd affect bioavailability and toxicity (USEPA, 2007b). For aluminum, the refined

n draft USEPA aquatic life ambient water quality criteria developed using multiple
‘models to characterize aluminum bioavailability based on pH, hardness, and dissolved
DOC; USEPA, 2017).

MDEQ Agquatic Life Standards (DEQ-7) for metals are based on the total (unfiltered) fraction, except for
aluminum. MDEQ criteria for cadmium, copper, lead, nickel, and zinc will be adjusted for total hardness
(as CaCOs3) using the equations provided in Table 3.

Refined ESVs for metals will be based on NRWQC or MDEQ criteria applicable to the sample result

fraction (total versus dissolved). If the maximum EPC exceeds the applicable criterion for the
corresponding fraction, the metal COPEC will be further evaluated in the BERA.

8of11
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For metals that lack USEPA NRWQC or MDEQ surface water quality criteria (beryllium and manganese),
refined ESVs will be based on lowest chronic values reported for all organisms (fish, daphnids, non-
daphnid invertebrates, and aquatic plants) in Suter and Tsao (1996). A revised surface water ESV was
not identified for barium; therefore, the minimum ESV used in the SLERA will be used as the basis for
further evaluation in the BERA.

ESVs for cyanide and fluoride will be based on minimum ESVs used in the SLERA. The NRWQC criterion
for cyanide is based on free cyanide analysis, which represents the concentration of the cyanide ion
(CN') and hydrogen cyanide (HCN). The MDEQ surface water quality criterion for cyanide is baséd on
total cyanide analysis. If the maximum EPC for free cyanide or total cyanide analyses exc yith
applicable criterion, cyanide exposure in surface water will be further evaluated in the B

Inorganic COPECs in surface water will also be evaluated relative to site-specific
collected as part of the Phase Il Site Characterization to further refine surfacg

ground data
ter COPECs in the BERA.

Select PAH compounds were identified as surface water COPECs based on the screening of Phase | Site
Characterization and additional COPECs identified in the BERA WP-based on detected constituents
lacking ESVs. As indicated in Table 3, revised ESVs for select.PAH compounds will be based on lowest
chronic values reported for all organisms (fish, daphnids a-daphnid invertebrates, and aquatic plants)
in Suter and Tsao (1996). If individual PAH compo “eed revised ESVs, further evaluation of the
potential toxicity of PAH mixtures to aquatic orga ill be further evaluated in the BERA.
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Table 1
Summary of Refined Ecological Screening Values (ESVs) for Soil
Technical Memorandum: Proposed Refined Ecological Screening Values
Columbia Falls Aluminum Company
Columbia Fall, Montana

Maontana State Plants Soil Inveitebrates Mammals Birds

Metals (malkg)

CAS
Number

Minimum
CEAC SLERA
ESY

Refined CEAC

BERA ESV

Background
Investigation
Mean
Cancentration

USEPA
Eco88Ls

EcoRisk

EANL

ORNL

USEPA
Region 5
ESLs

Refined
GFAC
Plant ESY

USEPA
Eco-85Ls

EANL

LISERA
Region 5
ESLs

Refined
CFAC
Invertebrate
ESV

USEPA LANL

USEPK
Region 5

Refined
CFAL
Mammalian
ESV

USEPA LANL

Refined
GFAC
Birl ESYV

Aluminum 7429905 50 See Narrative 15500 See Narrative - 50 ---| See Narrative | See Narrative - -—- ---| See Narrative | See Narrative - -—- ---| See Narrative | See Narrative - —-| See Narrative
Antimony 7440360 0.142 0.27 02 - 11 5 - 11 78 78 -- - 78 0.27 2.3 0.248 0.142 027 - - - -
Arsenic 7440382 0.25 €.8 11.4 18 18 10 - 18 - 6.8 60 - 6.8 48 19 0.25 57 19 43 15 2 15
Barium 7440393 1.04 110 195 - 110 500 - 110 330 330 - - 330 2000 1800 20 1.04 1800 - 720 17.2 720
Beryllium 7440417 1.06 25 Q.7 -- 2.5 10 - 25 40 40 -- - 40 35 2.42 1.06 21 - - - -
Cadmium 7440439 0.00222 0.27 0.3 32 32 4 - 32 140 140 20 - 0.27 3.533 0.00222 0.27 0.77 0.29 1.2 0.28
Chromium (trivalent) 7440473 0.35 23 19.6 - - - - - - - - - 63 - - 34 26 23 - 23
Chromium (hexavalent) 7440473 NE 0.34 - -- 0.35 1 - 0.35 - 0.34 0.4 0.4 510 - -- 130 - 140 - 140
Cobalt 7440484 0.14 13 7.3 13 13 20 - 13 - - - - 240 - 0.14 230 120 76 - 76
Copper 7440508 5.4 14 17.6 70 70 100 - 70 80 80 50 - 42 557 5.4 42 28 14 38.9 14
Iron 7439896 No ESV See Narrative 18200 See Narrative - - ---| See Narrative | See Narrative - - See Narrative - - --| See Narrative | See Narrative - ---| See Narrative
Lead 7439921 0.0537 11 15.3 120 120 50 - 120 1700 1700 500 56 93 29.3 0.0537 56 11 11 094 11
Manganese 7439965 220 220 508 220 220 500 - 220 450 450 4000 1400 322 - 1400 4300 1300 825 1300
Mercury 7439976 0.005 0.013 0.05 - 34 03 - 34 - 0.05 - 1.7 476 1.7 - 0.013 0.37 0.013
Nickel 7440020 9.7 10 16.6 38 38 30 - 38 280 280 130 10 146.52 13.6 10 210 20 64.08 20
Selenium 7782492 0.0276 0.52 0.4 0.52 0.52 1 - 0.52 4.1 41 0.63 0.7 0733 0.0276 0.63 1.2 0.71 0.331 0.71
Thallium 7440280 0.027 0.05 0.25 - 0.05 1 - 0.05 - - - - 0.42 0.027 0.0569 0.42 - 45 - 45
Vanadium 7440622 0.714 47 30.9 - 60 2 - 60 - - - 280 290 0.714 1.59 280 7.8 47 9.439 47

Zinc
Essential Nutrients (matkg)
Calcium

7440666

7440702

6.62

46

Background

Magnesium

7439954

No ESV

Background

Potassium

7440097

No ESV

Background

Sodium

Cyanide, Total

7440235

Other Inorganic Parametérs (mg/ky)

57125

Background

Flueride

16984488

Polyeycelic Aromatic Hydrocarbons (PAHs) (ma/kg)

6.5

120

1100

Total LMW PAHs NA 29 29 29 29 100 100
Total HMW PAHs NA 1.1 1.1 18 18 1.1 1.1
Semi-Volatile Organic Compounds (SVQCs) - Non PAH (mog/ka)

1,2,4,5-Tetrachlorobenzene 95943 2.02 2.02 -- 2.02 202
1.4-Dioxane 123911 1.83 1.83 - 1.83 2.05 1.83
2,4,5-Trichlorophenol 95954 4 4 4 Q 9 -- 14.1 14.1
2,4-Dimethylphenol 105679 0.01 0.01 0.01 -
2,4-Dinitrophenol 51285 0.0609 0.0609 20 - 0.0609 0.0602
2,4-Dinitrotoluene 121142 1.28 6 6 18 18 14 1.28 14
2,6-Dinitrotoluene 606202 0.0328 4 30 30 4 0.0328 4 52 52
2-Chloronaphthalene 91587 0.0122 0.0122 -- 0.0122 0.0122
2-Chlorophenol 95578 0.243 0.39 0.54 0.243 0.54 0.39 0.39
2-Methylphenaol 95487 0.67 0.67 0.67 580 580
2-Nitrophenol 88755 1.6 1.6 -- 1.6 1.6
3,3-Dicholorobenzidine 91941 0.646 0.646 -- 0.646 0.646
4,6-Dinitro-2-methylphenol 534521 0.144 0.144 -- 0.144 0.144
4-Chloroaniline 106478 1 1 1 1 1.8 1.8 -
4-Nitrophenol 100027 No ESV 7 7 7 --
Bis(2-chloroethoxy) methane 111911 0.302 0.302 -- 0.302 0.302
Bis(2-ethylhexyl) phthalate 117817 0.02 0.02 06 36 0.925 0.6 0.02 0.91 0.02
Butylbenzylphthalate 85687 0.232 0.239
Caprolactam 105602 No ESV No ESV
Dibenzofuran 132649 6.1 6.1 6.1 6.1 --
Di-n-butylphthalate 84742 0.011 0.011 160 200 160 180 1090 180 0.011 0.09 0.011
Di-n-octylphthalate 117840 0.91 0.91 0.91 0.91
Hexachlorobenzene 118741 0.079 0.079 10 10 10 10 02 0.199 0.2 0.079 0.079
Hexachlorobutadiene 87683 0.0398 0.0398 -- 0.0398 0.0398
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Table 1
Summary of Refined Ecological Screening Values (ESVs) for Soil
Technical Memorandum: Proposed Refined Ecological Screening Values
Columbia Falls Aluminum Company
Columbia Fall, Montana

Volatile Organic Compounds (VOGs) (mg/ky)

Montana State Plants Soil nvertebrates Mammals
CAS Minimum | pefined cpac | Backoround
Number CFAC SLERA BERA ESV Investigation e
ey Weah USEPA LANL LSEPA | Relmed 4 ppn LANL LoEFA CEAC USEPA LANL boRRA LANL Refined
Concentration B ORNL Region 5 CEAC B ORNL Region 5 . ORNL Region 5 i ORNL CEAC
Eco8sls | EcoRisk Eco-85Ls EcoRisk Invertebrate | Eco-SSLs EcoRisk EcoRisk .
ESLs Plant ESV ESLs Esv Bird ESV
Hexachlorocyclopentadiene 77474 0.755 0.755 10 -- 0.755 0.755
Hexachloroethane 67721 0.596 0.596 -- 0.596 0.5986
Nitrobenzene 98953 1.31 22 22 40 2.2 4.8 1.31 48
N-Nitrosodi-n-propylamine 621647 0.544 0.544 -- 0.544 0.544
N-Nitrosodiphenylamine 86306 0.545 0.545 20 20 -- 0.545 0.545
Pentachiorophenol 87865 0.119 0.36 5 5 3 5 31 31 [§] 31 2.8 0.81 0.879 0.119 0.81 21 0.36 0.36
Phenol 108952 0.79 0.79 0.79 70 0.79 1.8 30 1.8 : 37 120 37

Bromomethane 74839 No ESV No ESV
Cyclohexane 110827 No ESV No ESV
Isopropylbenzene 98828 No ESV No ESV
Methyl acetate 79209 No ESV No ESV
Methylcyclohexane 108872 No ESV No ESV
M,P-Xylene 179601231 No ESV No ESV
O-Xylene 95476 No ESV No ESV

Total Xylenes

Mammalian TEC, 3 7 s.1cop

1330207

NA

Dioxin and Dioxin-Like Compounds (mg/kg)

NE

0.00000029

0.00000029

3.15E-07

0.00000029

Avian TEC, 3 7 6-1cop

NA

NE

0.00000158

0.00000158

0.00000158

Notes:

No ESV, An ecological screening value was not identified from the listed sources.
BERA, Baseline Ecological Risk Assessment

CFAC, Columbia Falls Aluminum Company
Eco-SSL, Ecological Soil Screening Level
ESL, Ecological Screening Level

ESV, Ecological Screening Value

HMW, High Molecular Weight

LANL, Los Alamos National Laboratory
LMW, Low Molecular Weight

EHS

NA, Not applicable.
NE, Net evaluated.

ORNL, OCak Ridge National Laboratory Benchmarks
PAH, Polycyclic Aromatic Hydrocarbons

SLERA, Screening-Level Ecological Risk Assessment
TEC,3.76-1cpp. TOXiCity equivalency concentration - 2,3,7,8-TCDD

USEPA, United States Environmental Protection Agency
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EHS

CAS

Minimtim CFAC | Refined CEAC | Consensus-based

Table 2

Summary of Refined Ecological Screening Values (ESVs) for Sediment
Technical Memorandum: Proposed Refined Ecological Screening Values
Columbia Falls Aluminum Company
Columbia Fall, Montana

Threshold Fffects Ecolodical Screening Values

SLERAESY BERAESY Threshold Effect USEPA Region 5 USEPA Region 3 TEL-HA28 USEPA ESHs PAHs USEPA ESBs
Congcentration RCRA Ecological BTAG Freshwater (USERA 1996; (USEPA, 2003d) Nonpolar Organics
{(TEC) Screening L avels Sediment Screening|  Ingersoll et al., Coc, PAHLEFCVI (USERA. 2008¢)
{MacDonald et al., Benchmarks 1996} {malkg @ 1% TOC) | (malkg @ 1% TOC)

2000)
LT i
Aluminum 7429905
Antimony 7440360 NA 2 - - -
Arsenic 7440382 NA 9.79 10.787 - --
Barium 7440393 NA No ESV - - -
Beryllium 7440417 NA No ESV - - -
Cadmium 7440439 NA 0.583 0.583 - --
Chromium 7440473 NA 36.2 36.2 - --
Cobalt 7440484 NA 50 - - -
Copper 7440508 NA 28 28 - —
Iron 7439896 NA 20000 188400 - --
Lead 7439921 NA 358 37.2 - --
Manganese 7439965 NA 460 631 - --
Mercury 7439976 NA 0.174 - - -
Nickel 7440020 NA 19.5 19.5 - -
Selenium 7782492 NA 2 - - -
Silver 7440224 NA 0.5 - - -
Thallium 7440280 NA No ESV - - -
Vanadium 7440622 NA No ESV - - -
Zinc 7440666 NA 98 98 - -
e Mo g e R
Calcium 7440702 NA No ESV - - -
Magnesium 7439954 NA No ESV - - -
Potassium 7440097 NA No ESV “Background - - - — - _
Sodium 7440235 NA Background

Other Inorganic Parameters (mglkg)

Cyanlde Total 57125 |  NA |/

Support

2-Methyinaphthalene 91576 3.72 0.0202 Equilibrium 0.0202 0.0202 4.47

Acenaphthene 83329 4.01 0.00671 Partitioning - 0.00671 0.00671 - 4.91 -

Acenaphthylene 208968 3.22 0.00587 Sediment - 0.00587 0.0059 - 452 -

Benchmark

Anthracene 120127 453 0.01 (SESBTUrcy o) 0.0572 0.0572 0.0572 0.01 5.94 -

Fluorene 86737 421 0.01 approach based 0.0774 0.0774 0.0774 0.01 5.38 --

Naphthalene 91203 3.36 0.015 on sample-- 0.176 0.176 0.176 0.015 3.85 -

specific organic

Phenanthrene 85018 457 0.019 carbon content 0.204 0.204 0.204 0.019 5.96 -
Total LMW PAHs NA NA 0.076 (USEPA, 2003d; - - 0.076 0.076 - -

Benzo(a) pyrene 50328 6.11 0.032 see text) 0.15 0.15 0.15 0.032 9.65 -
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Table 2
Summary of Refined Ecological Screening Values (ESVs) for Sediment
Technical Memorandum: Proposed Refined Ecological Screening Values
Columbia Falls Aluminum Company
Columbia Fall, Montana

Threshold Effects Foological Screening Values

Minimum CFAC | Refined CEAC | Consensus-based
SIERAESY BERAESY Threshold Effect USEPA Region 5 USERA Region 3 TEL-HA28 USERPA ESBs PAHs LUSEPA ESBs
Congcentration RCRA Ecological BTAG Freshwater (USERA 1996; (USEPA, 2003d) Nonpolar Organics
{(TEC) Screening L avels Sediment Screening|  Ingersoll et al., Coc, PAHLEFCVI (USERA. 2008¢)
{MacDonald et al., Benchmarks 19986) {malkg @ 1% TOC) | (malkg @ 1% TOC)
2000)

Benzo(a)anthracene 56553
Benzo(b) fluoranthene 205992 6.27 10.4 Equilibrium -- 10.4
Benzo(g,h,i) perylene 191242 6.51 0.016 Partitioning -- 0.17
Benzo(k) fluoranthene 207089 6.29 0.24 Sediment _ 0.24
Benchmark
Chrysene 218019 5.71 0.027 (SESBTUrey o) 0.166 0.166
Dibenzo(a,h) anthracene 53703 6.71 0.01 approach based 0.033
indeno(1,2,3,-cd) pyrene 193395 6.72 0.017 on sample- -
specific organic

Fluoranthene 206440 5.08 0.031 carbon content 0.423
Pyrene 129000 4.92 0.044 (USEPA, 2003d; 0.195

Total HMW PAHs NA NA 0.19 see text) -

Total PAHs NA NA 0.26 1.61

Semi-Volatile Oraanic Compounds (8VOCs) - Non PAH (malkg)
98862

No ESV No ESV

Acetophenone

Benzaldehyde 100527 1.71 No ESV No ESV - - - - -
Bis(2-chloroethyl) ether 111444 1.56 No ESV No ESV -- -- - - -
Carbazole 86748 329 No ESV No ESV - - - - - -
Dibenzofuran 132649 3.71 0.300736 17@1%0C - 0.449 0.415 - - 17
Methylphenol, 3 & 4 106445 2.06 No ESV 0.0202 - 0.0202 - - - -

Notes:

No E8V, An ecological screening value was not identified from the listed sources.

2.ESBTUgcy 1ota, Equilibrium-Partitioning Sediment Benchmark Toxic Units based on final ¢ values (FCVs)

BERA, Baseline Ecological Risk Assessment

BTAG, Biological Technical Assistance Group

CFAC, Columbia Falls Aluminum Company

ESB, Equilibrium Partitioning Sediment Benchmark
ESV, Ecological Screening Value

HMW, High Molecular Weight

LMW, Low Molecular Weight

NA, Not applicable.

NE, Not evaluated.

OC, Organic carbon

PAH, Polycyclic Aromatic Hydrocarbons

RCRA, Resource Conservation and Recovery Act
SLERA, Screening-Level Ecological Risk Assessment
TEC, Threshold Effect Concentration

TEL-HAZ28, Threshold effect level - Hyalella azteca 28-day test
TOC, Total organic carbon
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Table 3
Summary of Refined Ecological Screening Values (ESVs) for Surface Water
Technical Memorandum: Proposed Refined Ecological Screening Values
Columbia Falis Aluminum Company
Columbia Fall, Montana

Toxicological Benchmarks for Screening
Potential Contaminants of Concern for
USEPA National USEPA Region 3 Effects on Adquatic Biota Canadian Water
A Minimum CEAC! Refined CFAC BERA Refined ESV | DEQ-7 Aquatic Life Recommended Freshwater Suter and Tsao, 1996 ; i
nalyte CAS Number Fraction Quality Guidelines
SLERAESY Standard Water Quality Screening L aleit Chironee (CCME)
Criteria Benchmark Tier Il Secondary
VMalue - All .
: Chronic Values
Organisms

Metals (ngL)

D 87 87 (pH 6.5-9) DEQ-7 87 (pH 6.5-9) 87 460 - -
Aluminum 7429905

2017 Draft Freshwater

T 87 Chronic Criteria USEPA (2017) - - -- - -

D 4 4 Su’cergr;cfl3 Tsao _ 4 B 4 -
Barium 7440393 (1996)

T 4 -- - - - -- - -

D 0.66 53 S”te(rég%; sao - 0.66 53 0.66 -
Beryllium 7440417

T 0.66 -- - - - - - —

D 0.09 0.25 (h) NRWQC 0.25 (h) - 0.15 - 0.09
Cadmium 7440439

T 0.09 0.25 (h) DEQ-7 -- - - - -

D 023 USEI\l;AdB:o’chk/llgand USEPA (2007 _ Biotic ngar\}‘d Model 9 023 _ _
Copper 7440508 odel (BLM) (BLM)

T 0.23 2.85 (h) 2.85 (h) -- - - - -
fron 7439896 D 158 - - - 300 158 - 300

158 1000 1000 - - - -
0.54 - 0.54 (h) 25 12.26 - -

Lead 7439921

T 0.54 0.54 (h) -- - -- - -

D 120 1160 S“te(rg;de; sao - - 120 1100 120 -
Manganese 7439965

T - - - - - - -

D NRWQC - 16.1 (h) 52 5 - -
Nickel 7440020

T DEQ-7 16.1 (h) -- - - - -

D NRWQC - 36.5 (h) 120 30 - 30
Zinc 7440666

T DEQ-7 37 (h) -- - - - -
OtverimorganoParameters gty | | | - . .
Cyanide, Total 57125 T DEQ-7 52 - 5 7.8 - 5
Cyanide, Free STL02227 T 52 52 NRWQC - 52 - - -
Fluoride 16984488 T 120 120 CCME - -- -- - -- 120
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Table 3
Summary of Refined Ecological Screening Values (ESVs) for Surface Water
Technical Memorandum: Proposed Refined Ecological Screening Values
Columbia Falis Aluminum Company
Columbia Fall, Montana

Toxicological Benchmarks for Screening
Potential Contaminants of Concern for
USEPA National USEPA Region 3 Effects on Adquatic Biota
Minimum CEAC!| Refined CFAC BERA Refined ESV | DEQ-7 Aquatic Life Recommended Freshwater Suter and Tsao, 19396
SLERAESY Standard Water Quality Screening
Criteria Benchmark

Canadian Water
GQuality Guidelines

Lowest Chronic . {CCME)
Value . Al Tier Il Secondary

: Chronic Values
Organisms

Analyte CAS Number Fraction

Polycyclic Aromatic Hydrocarbons (PAHSs) (pg/l )

Suter and Tsao

Benzo(a) pyrene 50328 T 0.014 0.3 1996) - - 0.015 03 0.014 0.015

Benzo(a)anthracene 56553 T 0.018 0.65 Sme{ggg sao - 0.018 0.65 0.027 0.018

Benzo(b) fluoranthene 205992 T No ESV No ESV - - - -~ -

Benzo(g,h,i) perylene 191242 T No ESV No ESV - - - - -

Chrysene 218019 T No ESV No ESV - - - - -

Fluoranthene 206440 T 0.04 15 Suter and Tsao - 0.04 15 - 0.04
(1996)

Indeno(1,2,3,-cd) pyrene 193395 T No ESV No ESV - - -~ - - -
Phenanthrene 85018 T 0.4 200 Suter and Tsao - 0.4 200 - 0.4
(1996)

Pyrene 129000 T 0.025 0.025 - - 0.025 - - 0.025
Notes:

No ESV, An ecological screening value was not identified from the listed sources.
D, Dissolved (filtered) fraction

T, Total (unfiltered) fraction

--, No value available.

(d), Criterion based on dissolved fraction.

(h), Hardness-dependent criterion estimated at a total hardness values of 25 mg/L as CaCO; based on the following eqguationé

MDEQ NEWQC
Metal exp.{mc[in{hardness)}+bc} exp{mC fin{hardness)]+ bC} {CF}
mc be mc CF
Cadmium 0.7977 -3.909 0.7977 1.101672-[(Inhardness)(0.041838)]
Copper 0.8545 -1.702 Biotic Ligand M
Lead 1.273 -4.705 1.273 . -4.705 1.46203-[(Inhardness)(0.145712)]
Nickel 0.846 0.0584 0.846 0.0584 0.997
Zinc 0.8473 0.884 0.8473 0.884 0.986
BERA, Baseline Ecological Risk Assessment
BLM, Biotic ligand model.
CCME, Canadian Council of Ministers of the Environment
CFAC, Columbia Falls Aluminum Company
DEQ-7, Montana Department of Environmental Quality Circular DEQ-7 Montana Numeric Water Quality Standards
ESV, Ecological Screening Value
NRWQC, National Recommended Water Quality Criteria
SLERA, Screening-Level Ecological Risk Assessment
USEPA, United States Environmental Protection Agency
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